Pneumatosis intestinalis (PI) is characterized by multiple gas cysts in the wall of the gastrointestinal tract. Primary PI is extremely rare. In most of the cases PI is due to an underlying disease (traumatic and mechanical, inflammatory and autoimmune diseases, infectious and pulmonary diseases, drug induced, immunosuppression, transplantation, or neoplasm). A 69-year-old woman was treated with mixed connective tissue disease and PI twice operatively and once conservatively in our department. Review of the english literature showed 13 more cases of PI with underlying mixed connective tissue disease.
In a review of 213 cases of PI in 1952 Koss reported a 15 % incidence of primary PI compared to 85 % of cases that were secondary to other underlying disorders (7) . PI may be associated with pneumoperitoneum either as a benign condition following the rupture of intramural cysts without a true intestinal wall perforation (4, 8, 9) or following a true perforation of a viscus (4). PATHOPHYSIOLOGY So far the underlying pathophysiology remains unclear (4). Though the primary PI is extreme rare, a great number of diseases and disorders have been associated with it (2, 4, 5, 8, 10). In a review Shawn et al. (2) differentiate conditions underlying PI in: a) traumatic and mechanical (pyloric stenosis, endoscopy, enteric tube placement volvulus, surgical anastomosis, carcinoma (11) ; b) inflammatory and autoimmune (Crohns disease, ulcerative colitis, diverticular disease, necrotising enterocolitis (12) , poly-dermatomyositis (13) proposed three possibilities for the source of the gas in the intestinal wall: I) intraluminal GI gas II) bacterial production gas and III) pulmonary gas (2). The intraluminal GI gas alone is not sufficient to explain the PI. A further mechanism by which the gas enters the instestinal wall could be the increased intraluminal pressure, the mucosal injury, or combination of them. According to this mechanical theory a lack of mucosal integrity in conjuction with the intraluminal pressure allows the gas to dissect along the bowel wall (5, 24). Passage of the intraluminal gas into the submucosa requires a damage in the muscularis mucosa which might be possible in the course of an inflammatory process or could be attributed to a defect in the gut immune barrier (intramural lymphoid tissue), common in steroid or cytotoxic medical therapy (2, 25). Furthermore, mu-cosal or immune compromise can facilitate the bacterial invasion into intramural compartments. Nevertheless, no evidence of presence of bacteria in pneumocysts in humans exists. Supporters of this mechanism emphasize on the therapeutic results of antibiotics such a metronidazole, which still remains a mainstay in the conservative treatment of PI. The third mechanism explaining the pathophysiology is based on an alveolar-rupture-theory, which could result in dissection of air along vascular channels in the mediastinum moving to the retroperitoneum and then to mesentery and bowel. Supporters of this theory emphasize on the subserosal presence of the air in these cases, which is probably more likely to happen due to gas migration along the vessels rather to transmural infiltration. It has been suggested that the association of COPD and PI relates to the pronounce fluctuation of the intraluminal bowel pressure during coughing (10) .
In their review article on PI and immunosuppression Höer et al. described the pathogenic role of corticosteroids in PI (6). Corticosteroids can induce an atrophy of the mucosa and mucosal defects facilitating the intrusion of gas and bacteria. Many authors have also reported on the correlation of connective tissue diseases under immunosuppressive treatment and PI (8, 25) . A 69-year-old woman who presented to our emergency because of acute abdominal pain and radiographically confirmed pneumoperitoneum (Fig. 1) was treated in our department. She had been treated with corticosteroids (prednisolone, current dosis 15 mg per day) for 16 years due to a mixed connective tissue disease (CREST-syndrome and Sjogren-syndrome). The medical history was additionally significant for a low malignant B-cell-lymphoma (extra node marginal-cell-lymphoma, MALTtype) for 3 years. The first two abdominal attacks were treated by surgical intervention (first operation: partial resection of transverse colon and second operation: partial resection of the jejunum). The pathological examination of the jejunum specimen confirmed the diagnosis of PI (Fig. 2) . The third attack of the disease was treated conservatively with intravenous antibiotics (metronidazole 500 mg, three times a day) and a parenteral nutrition using a central vein catheter. The patient's course was uneventfull and a clear resolution of the abdominal symptoms was observed within the next days. She was discharged on day 10 and an antibiotic prophylaxis with metronidazole was recommended for at least 6 weeks. In a review of the english language literature we found 13 additional cases of pneumatosis intestinalis and MCTD as shown on table 1 (14-23).
SYMPTOMS PHYSICAL EXAMINATION
The symptoms associated with pneumatosis intestinalis vary from asymptomatic patients to symptoms and signs associated with life threatening complications such as bowel ischemia, perforation and peritonitis. Generally the symptoms are mild and include Fig. 1 . Chest X-ray showed subphrenical intraperitoneal free air and was interpreted as a result of visceral perforation. The patient was then prepared for immediate surgery. abdominal pain, diarrhea or constipation, flatus distension, or weight loss. More serious symptoms such as bleeding or ileus can also occur. The hypothesis that symptoms are due to the mechanical effects of the cysts does not seem to be correct as some large cysts remain asymptomatic or cysts persist despite a symptomatic successful therapy (10) . It is generally accepted that the clinical manifestations of PI are not necessarily associated with the intramural gas or its location in the gastrointestinal tract but rather with the underlying disorder (2, 4).
DIAGNOSIS TREATMENT
Spread of the gas may occur in a linear or cystic pattern leading to distinct radiological findings. In non immunocompromised patients linear gas distribution has been associated with significant risk of impending intestinal perforation due to epithelial necrosis though reports on immunocompromised patients do not support this finding (5). Pattern or extent of PI does not correlate with the severity of symptoms or underlying disease (2).
Computer tomography is the imaging modality of choice for establishing the diagnosis of PI with better diagnostic sensitivity than plain films or ultrasound (2).
Treatment modalities and the extent of treatment of PI still remains a subject of controversy. Reports of spontaneous recovery from PI may lead to difficulties in the interpretation of efficacy of various treatment approaches taken (5). Conservative treatment including antibiotics on the basis of metronidazole in high concentrations has been reported to be effective (2, 25). Forgacs proposed aggressive oxygen therapy with partial O 2 pressures as high as 350 mmHg in symptomatic PI, which may increase the oxygen cyst to blood diffusion gradient and lead to enhanced reabsorption of gas cysts which predominately contain nitrogen and carbon monoxide (5, 27).
Patients with radiographic diagnosis of PI should be carefully clinically evaluated with thorough history and clinical examination which along with the knowledge of the underlying disease provide best information regarding the need for laparotomy. Patients with severe abdominal pain or tenderness and signs of peritonitis in addition to the presence of metabolic acidosis indicating ischemic bowel are candidates for surgery. Literature and our first experience commonly support that the sole finding of free abdominal air by X-ray without associated clinical evidence of intraabdominal pathology does not mandate exploratory laparotomy in immunosuppressed patients with PI (4, 9). These patients can be initially treated conservatively and followed expectantly.
CONCLUSION
In conclusion pneumatosis intestinalis is a rare disease caused in the majority by an underlying condition. The pathogenesis is still unclear due to different pathophysiological mechanisms. The major dilemma for the surgeon is to identify the patients requiring a surgical intervention. The surgeon should take into account that PI can be managed conservatively in most of the cases and that an operation performed without clear indications might worsen even more the general condition of a patient with a serious underlying disease. After careful evaluation of the patients clinical state and findings of the diagnostics surgery should be kept for patients with signs of bowel perforation, peritonitis or abdominal sepsis. 
